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(57) ABSTRACT 
An airless tire includes a cylindrical tread ring having a 
ground contact surface, a hub disposed radially inward of the 
tread ring and a plurality of spokes each connecting the tread 
ring to the hub. The hub includes a disk portion to be fixed 
to an axle and a cylindrical portion extending in an axial 
direction of the tire from a radially outer portion of the disk 
portion. The cylindrical portion includes a radially inner 
Surface being provided with a circumferentially extending 
projection protruding radially inwardly. 
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ARLESS TRE AND HUB FOR ARLESS 
TIRE 

BACKGROUND ART 

0001 Field of the Invention 
0002 The present invention relates to airless tires capable 
of structurally supporting the weight of a vehicle, and more 
particularly to an airless tire and a hub for an airless tire 
which may offer excellent steering stability. 
0003. Description of the Related Art 
0004 Japanese Unexamined Patent Application Publica 
tion No. 2014-218132 discloses an airless tire which 
includes a cylindrical tread ring having a ground contact 
Surface, a hub disposed radially inward of the tread ring and 
a plurality of spokes each connecting the tread ring to the 
hub. The hub of the airless tire disclosed in the publication 
also includes a disk portion to be fixed to an axle and a 
cylindrical portion extending in an axial direction of the tire 
from a radially outer portion of the disk portion. The 
cylindrical portion of the hub is configured to have substan 
tially a constant thickness. 
0005. The cylindrical portion of the hub is required to 
have high rigidity in order to make tread rings of airless tires 
contact with a road with a proper orientation. From results 
of various experiments, unfortunately, it has been found that 
a portion of the cylindrical portion that is farthest from the 
disk portion tends to elastically deform when receiving 
lateral force on cornering. This may bring deterioration in 
ground contact property of tread rings, and therefore steering 
stability of airless tires may be deteriorated. 

SUMMARY OF THE INVENTION 

0006. In view of the above problems in the conventional 
art, the present invention has an object to provide an airless 
tire and a hub for an airless tire which may offer excellent 
steering stability by basically modifying a shape of cylin 
drical portion of the hub. 
0007. In one aspect of the invention, an airless tire 
includes a cylindrical tread ring having a ground contact 
Surface, a hub disposed radially inward of the tread ring and 
a plurality of spokes each connecting the tread ring to the 
hub. The hub includes a disk portion to be fixed to an axle 
and a cylindrical portion extending in an axial direction of 
the tire from a radially outer portion of the disk portion. The 
cylindrical portion includes a radially inner Surface being 
provided with a circumferentially extending projection pro 
truding radially inwardly. 
0008. In another aspect of the invention, the cylindrical 
portion may include a radially outer Surface that extends at 
a Substantially constant outer diameter from an axially first 
end to an axially second end of the cylindrical portion. 
0009. In another aspect of the invention, the projection 
may extend continuously in the circumferential direction of 
the tire to form an annular shape. 
0010. In another aspect of the invention, the projection 
may be provided on an axially one end side of the cylindrical 
portion. 
0011. In another aspect of the invention, the disk portion 
may be disposed on an axially first end side of the cylindrical 
portion, and the projection may be provided on an axially 
second end side of the cylindrical portion. 
0012. In another aspect of the invention, the hub may be 
made of a metallic material. 
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0013. In another aspect of the invention, in a tire meridian 
cross-sectional which includes a tire rotation axis, a maxi 
mum thickness (Th) of a portion provided with the projec 
tion may be in a range of from 1.30 to 5.00 times of a 
minimum thickness (Tw) of a portion of the cylindrical 
portion where the projection is not provided. 
0014. In another aspect of the invention, the projection 
may haves an axial width in a range of from 0.02 to 0.30 
times of an axial width of the cylindrical portion. 
0015. In another aspect of the invention, a hub for airless 

tires, the hub includes a disk portion to be fixed to an axle 
and a cylindrical portion extending in an axial direction of 
the tire from a radially outer portion of the disk portion. The 
cylindrical portion includes a radially inner Surface being 
provided with a circumferentially extending projection pro 
truding radially inwardly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a perspective view of an airless tire 
according to an embodiment of the present invention. 
0017 FIG. 2 is a cross-sectional view of the airless tire 
illustrated in FIG. 1. 
0018 FIG. 3 is a partial enlarged view of the cylindrical 
portion illustrated in FIG. 2. 
0019 FIG. 4 is a partial enlarged view of a cylindrical 
portion according to another embodiment of an airless tire of 
the present invention. 
0020 FIG. 5 is a cross-sectional view of a hub according 
to another embodiment of an airless tire of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0021. An embodiment of the present invention will be 
explained below with reference to the accompanying draw 
ings. Note that like reference numerals refer to the like 
elements throughout. 
0022 FIG. 1 illustrates a perspective view of an airless 

tire 1 according to an embodiment of the present invention, 
and FIG. 2 illustrates a cross-sectional view including a tire 
rotation axis of the airless tire illustrated in FIG. 1. The 
airless tire 1 according to the present embodiment can carry 
a load by its structural components without the Support of a 
gas inflation, and preferably may be embodied as for pas 
Senger cars. 
0023. As illustrated in FIG. 1 and FIG. 2, the airless tire 
1 includes a cylindrical tread ring 2, a hub 10 disposed 
radially inward of the tread ring 2 and a plurality of spokes 
5 each connecting the tread ring 2 to the hub 10. 
0024. The tread ring 2 is configured to a cylindrical shape 
with a ground contact surface 2s. The tread ring 2 which may 
be a portion corresponding to the treadband of a pneumatic 
tire. The tread ring 2 includes a tread rubber component 3 
and at least one reinforcing cord layer (not illustrated), for 
example. The tread component 3 and the at least one 
reinforcing cord layer can be embodied in accordance with 
a conventional manner, for example. 
0025. The spokes 5 are disposed between the tread ring 2 
and the hub 10 to connect them with each other. As illus 
trated in FIG. 1, in this embodiment, a plurality of flat 
plate-shaped spokes 5 with an inclination angle with respect 
to the tire equatorial plane is arranged in the circumferential 
direction of the tire. Note that the spokes 5 are not limited 
to the above embodiment. The spokes 5, for example, are 
made of elastomeric material, e.g. rubber, thermoplastics 
resin, thermosetting resin and a composition that includes 
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any one the forgoing, for example. In particular, thermoset 
ting resin typified by urethane resin may preferably be 
employed for the spokes 5. 
0026. As illustrated in FIG. 2, the hub 10 may be a 
portion corresponding to a wheel rim for pneumatic tires. In 
this embodiment, the hub 10 includes a disk portion 11 to be 
fixed to an axle J and a cylindrical portion 12 extending in 
an axial direction of the tire from a radially outer portion of 
the disk portion 11. The hub 10, for example, may preferably 
be made of a metallic material, e.g., steel, aluminum alloy, 
magnesium alloy, titan and the like, same as a tire wheel rim. 
Note that the hub 10 is not limited to such an aspect, but can 
be made of FRP, CFRP and the like. 
0027. The disk portion 11, for example, is disposed on an 
axially first end side (left side in FIG. 2) of the cylindrical 
portion 12. On the center of the disk portion 11, a hub hole 
13 into which one end (Ja) of the axle (J) is inserted is 
provided. A plurality of bolt insertion holes 14 for coupling 
with the hub bolts (Jb) of the axle (J) with nuts is provided 
around the hub hole 13. 
0028 FIG. 3 illustrates a partial enlarged view of the 
cylindrical portion 12 illustrated in FIG. 2. As illustrated in 
FIG. 3, the cylindrical portion 12 is provided with a cir 
cumferentially extending projection 16 protruding radially 
inwardly on its radially inner surface 15. The projection 16 
may increase the rigidity of the hub 10 effectively, particu 
larly the bending rigidity of the cylindrical portion 12, while 
Suppressing increase of the tire weight. Thus, the airless tire 
1 according to the invention may offer excellent steering 
stability without deteriorating fuel consumption of vehicles. 
0029. In a preferred embodiment, the projection 16 may 
extend continuously in the circumferential direction of the 
tire to form an entire annular shape. Such a projection 16 
may further increase the rigidity of the hub 10. 
0030 Preferably, the projection 16 may be provided on at 
least an axially one end side of the cylindrical portion 12. In 
this embodiment, the disk portion 11 is disposed on the first 
end side (left in FIG. 3) of the cylindrical portion 12, while 
the projection 16 is provided on an opposite side, i.e., an 
axially second end side (right in FIG. 3) of the cylindrical 
portion 12. In a more preferred embodiment, the axially 
outer side surface of the projection 16 is configured to form 
a part of an axially outer side end of the cylindrical portion 
12 such that a flat end surface of the cylindrical portion 12 
is provided. Such a projection 16 may enhance the rigidity 
of a portion of the cylindrical portion 12 far from the disk 
portion 11, and thus further improves steering stability of the 
tire. 
0031. In a tire meridian cross-sectional which includes a 

tire rotation axis, the maximum thickness (Th) of a portion 
provided with the projection 16 is in a range of not less than 
1.30 times of the minimum thickness (Tw) of a portion of the 
cylindrical portion 12 where the projection 16 is not pro 
vided, more preferably not less than 2.50 times, but prefer 
ably not more than 5.00 times, more preferably not more 
than 3.80 times. When the maximum thickness This less 
than 1.30 times of the minimum thickness Tw, it may be 
difficult to increase in rigidity of the hub 10, and therefore 
improvement effect to steering stability may be lower. On 
the other hand, when the maximum thickness Th is more 
than 5.00 times of the minimum thickness Tw, the tire 
weight increases and the fuel consumption may be deterio 
rated. These will be disclosed in the later examples. 
0032. The axial width W2 of the projection 16 is prefer 
ably in a range of not less than 0.02 times of the axial width 
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W1 of the cylindrical portion 12, more preferably not less 
than 0.05 times, but preferably not more than 0.30 times, 
more preferably not more than 0.15 times. When the width 
W2 of the projection 16 is less than 0.02 times of the width 
W1 of the cylindrical portion 12, it may be difficult to 
increase in rigidity of the hub 10, and therefore improvement 
effect to steering stability may be lower. When the width W2 
of the projection 16 is more than 0.30 times of the width W1 
of the cylindrical portion 12, the tire weight may increase. 
These will be disclosed in the later examples. 
0033 Preferably, the cylindrical portion 12 comprises a 
radially outer surface 17 that extends at a substantially 
constant outer diameter from the axially first end to the 
axially second end of the cylindrical portion 12 to form a flat 
outer surface. This structure can offer better adhesive prop 
erty to the spokes 5 (illustrated in FIG. 2), and can easy to 
be increased in rigidity sufficiently by the projection. 
0034 FIG. 4 illustrates a partial enlarged view of the 
cylindrical portion 12 of the hub 10 according to another 
embodiment of the present invention. In the embodiment 
illustrated in FIG. 4, the projection 16, for example, includes 
an increase portion 18 in which the thickness thereof 
increases gradually toward the axially outward of the tire. 
This structure may reduce a portion that changes in rigidity 
suddenly and therefore stress concentration thereto can be 
suppressed. Note that the width W2 of the projection 16 is 
a width that includes the increase portion 18. 
0035 FIG. 5 illustrates a cross-sectional view of the hub 
10 according to another embodiment of the present inven 
tion. As illustrated in FIG. 5, a plurality of projections 16 can 
be provided. In this embodiment, the projections 16 include 
end side projections each of which is provided on a respec 
tive one of the axially first and second ends, for example. 
This structure may effectively enhance in rigidity of the 
cylindrical portion 12 as a whole and therefore excellent 
steering stability can be offered. 
0036) Note that each type of the hubs 10 described above 
is not particularly limited to be used for passenger cars, but 
can be used for solid tires having a solid rubber structure for 
industrial vehicles, for example. 
0037. While the particularly preferable embodiments in 
accordance with the present invention have been described 
in detail, the present invention is not limited to the illustrated 
embodiments, but can be modified and carried out in various 
aspects. 

EXAMPLE 

0038 Airless tires of 125/80R13 having hubs illustrated 
in FIG. 2 or FIG. 5 were manufactured based on the details 
shown in Table 1, and then performance of each tire was 
tested. As comparative examples (Refs. 1 to 4), airless tires 
having hubs without having a projection were also manu 
factured, and then performance of each tire was also tested. 
Test methods are as follows: 

Tire Weight Measuring: 
0039. A single tire weight was measured. The results are 
indicated in Table 1 using an index based on Ref. 1 being 
100. The smaller the value, the lighter the weight is. 
Steering Stability Test: 
0040. Each test tire was mounted on a FF vehicle having 
a displacement of 1,600 cc as the all wheels, and then a 
driver drove the vehicle on an oval test course with an 
asphalt road to evaluate steering stability by his sense. The 
test results are indicated in Table 1 with a score based on 
Ref. 1 being 100. The larger the value, the better the steering 
stability is. 
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0041 Test results are shown in Table 1. From the test 
results, it is confirmed that the example tires improve 
steering stability while minimizing increase of the tire 
weight. 

TABLE 1. 

Ref. 1 Ref.2 Ref. 3 Ref. 4 Ex. 1 Ex. 2 Ex. 3 

Hub structure FIG. 2 FIG. 2 FIG. 2 
Hub material steel steel aluminum Aluminum steel Aluminum Aluminum 
Minimum thickness Tw of cylindrical portion 2.5 S.O 3.0 6.O 2.5 3.0 3.0 
(mm) 
Thickness ratio ThTw of cylindrical portion 2.00 2.OO S.OO 
Width ratio W2 W1 O.10 O.10 O.10 
Tire weight (index) 100 120 8O 1OO 104 82 90 
Steering stability (score) 100 108 98 1OO 110 108 115 

Ex. 4 Ex. S Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex. 10 Ex. 11 

Hub structure FIG. 2 FIG. 2 FIG. 2 FIG. 2 FIG. 2 FIG. 2 FIG. 2 FIG. 5 
Hub material aluminum aluminum aluminum aluminum aluminum aluminum aluminum Aluminum 
Minimum thickness Tw of cylindrical 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
portion (mm) 
Thickness ratio ThTw of cylindrical 6.OO 1.30 1.20 2.OO 2.00 2.OO 2.OO 2.OO 
portion 
Width ratio W2 W1 O.10 O.10 O.10 O.30 O40 O.O2 O.O1 O.10 
Tire weight (index) 92 84 82 86 88 8O 8O 85 
Steering stability (score) 116 106 104 115 116 106 103 115 

What is claimed is: 
1. An airless tire comprising: 
a cylindrical tread ring having a ground contact Surface; 
a hub disposed radially inward of the tread ring, the hub 

comprising a disk portion to be fixed to an axle and a 
cylindrical portion extending in an axial direction of the 
tire from an radially outer portion of the disk portion, 
the cylindrical portion comprising a radially inner 
surface being provided with a circumferentially extend 
ing projection protruding radially inwardly; and 

a plurality of spokes each connecting the tread ring to the 
hub. 

2. The airless tire according to claim I, 
wherein the cylindrical portion comprises a radially outer 

Surface that extends at a substantially constant outer 
diameter from an axially first end to an axially second 
end of the cylindrical portion. 

3. The airless tire according to claim 1, 
wherein the projection extends continuously in the cir 

cumferential direction of the tire to form an annular 
shape. 

4. The airless tire according to claim 1, 
wherein the projection is provided on an axially one end 

side of the cylindrical portion. 

5. The airless tire according to claim 1, 
wherein the disk portion is disposed on an axially first end 

side of the cylindrical portion, and the projection is 
provided on an axially second end side of the cylindri 
cal portion. 

6. The airless tire according to claim 1, 
wherein the hub is made of a metallic material. 
7. The airless tire according to claim 1, 
wherein in a tire meridian cross-sectional which includes 

a tire rotation axis, a maximum thickness (Th) of a 
portion provided with the projection is in a range of 
from 1.30 to 5.00 times of a minimum thickness (Tw) 
of a portion of the cylindrical portion where the pro 
jection is not provided. 

8. The airless tire according to claim 1, 
wherein the projection has an axial width in a range of 

from 0.02 to 0.30 times of an axial width of the 
cylindrical portion. 

9. A hub for airless tires, the hub comprising: 
a disk portion to be fixed to an axle; and 
a cylindrical portion extending in an axial direction of the 

tire from a radially outer portion of the disk portion, the 
cylindrical portion comprising a radially inner Surface 
being provided with a circumferentially extending pro 
jection protruding radially inwardly. 

k k k k k 


